In light of the recent trend toward earlier dialysis initiation and its association with mortality among patients with end-stage renal disease, we hypothesized that frailty is associated with higher estimated glomerular filtration rate (eGFR) at dialysis start and may confound the relation between earlier dialysis initiation and mortality.
O
VER THE PAST DECADE, the proportion of patients starting dialysis earlier in the course of chronic kidney disease (CKD) has risen sharply. In 1996, fewer than 1 in 5 patients started dialysis with an estimated glomerular filtration rate (eGFR) 10 mL/min/1.73 m 2 or greater; one-third did so in 2000 and more than half (54%) started dialysis with higher eGFR in 2009. 1 The proportion of patients started on dialysis with an eGFR of 10 mL/min/1.73 m 2 or greater is particularly high among elderly individuals. 2, 3 In spite of this consistent trend, there is no evidence of survival benefit with earlier initiation of dialysis; rather, observational studies have suggested higher mortality with higher eGFR at dialysis initiation. 4, 5 Confounding by indication has been suggested by some to explain this association. However, Rosansky et al 4 recently demonstrated an association of higher eGFR at dialysis initiation with higher mortality in even "healthy" patients by studying an incident cohort younger than 65 years and with no reported comorbidities other than hypertension.
To further elucidate the benefits and risks associated with earlier initiation of dialysis, it is important to explore which clinical factors influence health care providers' decision to initiate dialysis. Frailty is a clinical syndrome highly prevalent in the population with end-stage renal disease (ESRD); we previously showed frailty to be strongly associated with mortality and the composite outcome of death and hospitalization. 6 Using data from the Comprehensive Dialysis Study (CDS), a national cohort of patients new to dialysis, we aimed to describe the prevalence of frailty and to test hypothesis that frailty is associated with earlier initiation of dialysis. We also aimed to determine whether the association between eGFR and mortalitydescribed in large registry studies-might be explained, at least in part, by frailty.
METHODS

PATIENTS
The CDS is a special study of the US Renal Data System (US-RDS), and the details of its study design have been previously published. 7 Briefly, the CDS was designed as a prospective study of incident patients receiving maintenance dialysis at 335 dialysis units throughout the United States. From September 1, 2005, through June 1, 2007, a total of 1678 eligible adult incident maintenance dialysis patients were enrolled (only 296 of the 335 dialysis units participated). Institutional review boards at the Nutrition Special Study Center (SSC) (University of California, San Francisco, and University of California, Davis), the Rehabilitation/Quality of Life SSC (Emory University), and the USRDS Coordinating Center (University of Minnesota) approved the study. All participants provided informed consent. For the current analysis, those with missing data to determine frailty status (n=49) or eGFR (n=14) were excluded, as well as those participants who were unable to ambulate or transfer (n=39), leaving 1576 participants from 295 dialysis units in the analytic cohort.
PATIENT DEMOGRAPHICS, CLINICAL MEASURES, AND OUTCOME VARIABLES
We obtained data on age; sex; race/ethnicity; smoking status; Medicaid coverage at the start of dialysis; comorbid conditions, including the inability to transfer or ambulate; use of erythropoietin; selected laboratory values (serum albumin, creatinine, and hemoglobin levels) within 45 days of dialysis initiation; and whether patients were under the care of a nephrologist before initiation of dialysis from the Medical Evidence Report (CMS form No. 2728). We calculated eGFR using the 4-variable Modification of Diet in Renal Disease (MDRD) study formula. 8 We recorded treatment modality (peritoneal dialysis vs hemodialysis) at the time of CDS enrollment.
All CDS participants provided responses to a patient questionnaire via telephone interviews by trained interviewers at the DataBanque Research Services (Pittsburgh, Pennsylvania). The questionnaires included the RAND 12-item Short Form (SF-12) survey, version 0.2, 9 the 36-item Kidney Disease Quality of Life (KDQOL-36) symptoms/problems scale, 10 and the Human Activity Profile (HAP). 11 We identified dates of death and hospitalizations from the USRDS Standard Analysis Files. We followed patients through September 30, 2009, for vital status and December 31, 2008, for hospitalization records. The difference in the followthrough dates was due to the lag in the availability of hospitalization data in the USRDS.
FRAILTY DEFINITION
The phenotype of frailty was established using criteria similar to the earlier modification of Fried's criteria (Fried et al 12 ) by Johansen et al 6 (eTable; http://www.archinternmed.com). However, since the CDS did not have data on weight loss, this variable was not included. We used a score of less than 75 on the Physical Function (PF) scale of the SF-12 as a marker for slowness and weakness. We classified patients as meeting the exhaustion criterion if they answered "a little of the time" or "none of the time" when asked about how much of the time during the past 4 weeks they felt they had a lot of energy, or if they reported that they felt "very much" or "extremely bothered" by feeling washed out or drained during the past 4 weeks. We defined low physical activity as the lowest quintile of Adjusted Activity Score of the HAP (stratified by age and sex based on normative data). The HAP has been previously validated in the ESRD population. 13 In the initial modification by Woods et al, 14 RAND-36 PF score lower than 75 was used to define both slowness and weakness and was therefore assigned 2 points in keeping with Fried's definition. However, Johansen et al 6 later found that the association of poor physical functioning with outcomes was similar to that of exhaustion and low physical activity among patients undergoing hemodialysis, suggesting that 1 point for this component of frailty was more appropriate. In our current analysis, we assigned 1 point for SF-12 PF scores lower than 75. Therefore, a total of 3 points were possible in the final frailty score, 1 each for slowness/weakness, exhaustion, and low physical activity; we defined patients with 2 or more points as frail.
STATISTICAL ANALYSIS
We a priori selected a set of baseline characteristics, including eGFR at the time of dialysis initiation, based on our clinical suspicion that they might be associated with frailty ( Table 1) . These factors were compared among frail and nonfrail patients using t test for continuous variables and the 2 test for categorical variables. We converted serum albumin and hemoglobin concentrations to categorical variables based on clinically meaningful cut points; we also created a category of missing values. We assessed model discrimination using the concordance ("C") statistic, equivalent to the area under the receiver operating characteristic curve. We used the HosmerLemeshow test to assess model goodness of fit. We also assessed the relations among each of the frailty components and the same predictors using multivariate logistic regression.
We used proportional hazards Cox regression to evaluate the outcomes of mortality or time to first hospitalization. We built 3 multivariate models. In addition to the variables selected a priori to study frailty, we included erythropoietin use prior to dialysis initiation and early nephrology referral in all 3 models. We included either frailty or eGFR at the time of dialysis initiation in each of the first 2 models. In the final model, we included both frailty and eGFR at the time of dialysis initiation simultaneously. We examined log (−log) plots and Schoenfeld residuals to test the proportionality assumption. To test whether frailty or eGFR at the time of dialysis initiation predicts mortality and hospitalization independent of each other, we tested the interaction between frailty and eGFR in our models.
We accounted for clustering by dialysis centers as previously described. 15 In sensitivity analyses, we examined whether the results were altered by excluding patients with missing values for serum albumin and hemoglobin. We considered 2-tailed P Ͻ .05 as statistically significant. We conducted all analyses using STATA statistical software (version 11.1; StataCorp).
RESULTS
FRAILTY AND ITS ASSOCIATION WITH TIMING OF DIALYSIS INITIATION
Of 1576 patients included in the final analytic cohort, 73% were frail; even among patients younger than 40 years, the prevalence of frailty was 63%. Table 1 
FRAILTY, DIALYSIS INITIATION, MORTALITY, AND HOSPITALIZATION
A total of 522 CDS participants (33%) died during a median follow-up of 2.9 years. In unadjusted analysis, those who were frail at baseline had a nearly 80% increase in the risk of death during follow-up (hazard ratio ; P = .11), suggesting that the association between higher eGFR at dialysis initiation and mortality may have been confounded by frailty. There was no significant interaction between frailty and early start of dialysis (P = .73).
During a median follow-up of 1.2 years, 1148 of the participants (73%) were hospitalized at least once. In unadjusted analysis, frailty was associated with a higher risk of first hospitalization (HR, 1.44 [95% CI, 1.26-1.66]; P Ͻ .001) (Figure 2) materially change the mortality or hospitalization model results.
COMMENT
Among participants of the CDS, we found a strikingly high prevalence of frailty (73%). Frailty was associated with higher eGFR at dialysis initiation. Frailty was also associated with higher mortality and attenuated the association between earlier dialysis initiation and death. Both frailty and eGFR at dialysis initiation were associated with shorter time to first hospitalization. To our knowledge, the association of frailty with higher eGFR at dialysis initiation has not previously been reported. Although the difference of 1.6 mL/min/1.73 m 2 in mean eGFR between the frail and nonfrail patients is not large, it should be noted that there was a wide range of eGFRs from 1.4 mL/min/1.73 m 2 to 29.5 mL/min/ 1.73 m 2 at which patients were started on dialysis. Furthermore, based on the data from the recent Initiating Dialysis Early and Late (IDEAL) trial, this difference could correspond to approximately 3 additional dialysis-free months among the nonfrail group. This is particularly interesting given the recent trend toward earlier initiation of dialysis. Because the signs and symptoms of ESRD can be nonspecific, it is possible that the very clinical presentation of frailty could be judged as signs or symptoms of uremia, and this judgment could lead to earlier dialysis initiation of the frail population. In addition, it has been argued that because eGFR may overestimate true GFR among patients with lower muscle mass, initiation of dialysis at a higher eGFR in such patients is appropriate. 16 Finally, frail patients might be more amenable to starting dialysis than nonfrail patients, either in the hope that dialysis might address their frailty or because they have fewer competing activities to be disrupted by dialysis.
Several observational studies have shown a survival disadvantage with higher eGFR at the start of dialysis even after adjustment for age and comorbidities, 4, 17, 18 but these studies have not been able to rule out confounding by frailty. Rosansky et al 4 recently demonstrated an association of higher eGFR at dialysis initiation with higher mortality in even "healthy" patients by studying an incident cohort younger than 65 years and with no reported comorbidities other than hypertension. However, given the high prevalence of frailty even in those younger than 40 years among patients new to dialysis in the CDS, it is likely that the study by Rosansky et al 4 included many patients who were frail, which could have confounded the observed results. The IDEAL trial, a randomized trial comparing earlier vs standard timing of initiation of dialysis, did not show harm associated with early dialysis initiation, although group separation was limited. 19 While frailty was not captured in the trial, the randomized design would have been expected to yield balance in the proportion of frail patients in each group.
It remains to be seen whether frailty or other outcomes, such as functional status, improve or worsen with earlier dialysis initiation. Recently, Kurella Tamura et al 20 showed that in a cohort of nursing home residents, initiation of dialysis was associated with decline in functional status. By the end of the 12 months after dialysis initiation, more than half had died, and only 1 in 8 was alive with stable or improved functional capacity. Given that frailty has been shown to be a precursor to functional dependence, it is likely that the cohort in the study by Kurella Tamura et al 20 was largely frail at baseline. In light of these prior findings, it is important to note that our data did not show a benefit with early start of dialysis regardless of baseline frailty status. If anything, those who were started at higher eGFRs had a higher risk for hospitalization even after adjustment for frailty, suggesting that early start of dialysis could be harmful. Likewise, although eGFR was no longer statistically significantly associated with mortality after inclusion of frailty in the model, the 95% CI of the point estimate encompassed mostly greater than 1. Therefore, our data were insufficient to rule out the association between early start of dialysis and mortality, even after frailty is accounted for. In addition, since quality of life could be adversely affected by dialysis start, the utility of early dialysis initiation should be carefully considered. The results of our study highlight the importance of considering factors other than eGFR to determine the timing of dialysis initiation and suggest that frailty should not be considered one of the clinical considerations or characteristic complications of kidney failure that National Kidney Foundation guidelines state may prompt initiation of therapy before stage 5 CKD. 21 One of the major strengths of our study is that we used a relatively large cohort that was geographically and racially/ethnically diverse with a sizable number of pa- tients undergoing peritoneal dialysis, a modality used by relatively few patients in the United States but by most patients in many other countries. Our study has several limitations. First, we calculated eGFR using the 4-variable MDRD study equation, which could have overestimated residual kidney function in patients with sarcopenia. Because sarcopenia is conceptually a salient feature of frailty, glomerular filtration rate estimated by the MDRD formula would have been expected to be higher in frail patients than in nonfrail patients. However, it is important to note that sarcopenia is but 1 component of frailty, a multisystem clinical syndrome with many other features. In fact, we did find that the exhaustion component of frailty, which would not be likely to be mediated by low muscle mass, was also associated with higher eGFR at the start of dialysis. In addition, we found that frail patients had higher hemoglobin values than nonfrail patients at dialysis start, suggesting that the level of kidney function may indeed have been higher. Second, we used a modified definition of frailty to accommodate available data collected from questionnaires, which assessed physical function rather than physical performance as assessed by grip strength or gait speed in the original Fried's criteria (Fried et al 12 ) for frailty. We did not have data on weight loss either, which was a criterion in Fried's original definition. However, others have modified Fried's frailty definition based on questionnaires of physical functioning and without weight loss information and have shown frailty to be an independent predictor of mortality in populations both with and without ESRD. 6, 14 Finally, to allow these data to be compared with those from other populations with chronic diseases, we used a fairly standard definition of frailty. Because such a large fraction of patients undergoing dialysis are frail, it may be valuable to consider another construct that has more predictive power (eg, "frail-plus") to further differentiate the largely frail population in ESRD based on important clinical outcomes, such as trajectory of functional status, physical activity, and quality of life with renal replacement therapy. In summary, frailty is exceptionally common in patients new to dialysis and is associated with higher eGFR at dialysis initiation. Frailty is also associated with mortality and attenuates the association between earlier dialysis initiation and mortality. In light of the recent trend toward earlier initiation of dialysis despite the absence of supportive evidence, it will be important to determine whether overall health and functional capacity improve with dialysis. Comprehensive efforts other than dialysis aimed to improve functional capacity in this population should also be considered. The interpretation and reporting of the data presented herein are the responsibility of the authors and in no way should be seen as an official policy or interpretation of the US government. Online-Only Material: The eTable is available at http: //www.archinternmed.com.
